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Docking Space

Variable i
(e.g. torsional angle)

— Starting
point

Variable j
(e.g. torsional angle)

Inage Faken from
NIH MM nmodefing Page

Stages of Docking

|dentifying the Pos e
(structural Model INg) uses scoring

Ranking uses scoring
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Energy = Vydqw + Veoul + Vip
V= Z 4g; [(Ajjlr )" = (Bi/ry )]
L)

Viou = Z (qq)/[4T[£(r)eO 1)
Pairwise Additi

(Const dielectric or distance dependent)

H- bonding 12-10 fo rm Is used

van der Waals attraction regime

Optimum
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Scoring

7 ) )
= == = = === - - -=-=-----.-.-.--.---___-

d from the bad

|dentifying the goo

Several Approaches:

Force-Field
Empirical

Knowleclge—based

AG = -RTInK g

AH - TAS

E mpirical relationship between molecular structure

and binding free energy

Kvaw* Vvdw + Khb * Vhp+ Kele * Vcoul

Ktor * Vior + Ko * Vsol

O
<

=+

Coefficients are empirically determined using
inear regression analysis from a set of

Protein-ligand complexes with known binding

constants.

S

o

s
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g

A

w

W
% Protein-ligand complex PDB code Log(K,)®
% Concanavalin A [ e-methyl-c-mannopyranoside 4cna 2.00
. Carboxypeptidase A/ glycyl4-tyrosine 3cpa 3.88
% Carboxypeptidase A / phosphonate ZAA—=P =(0)F Gcpa 1152
g Cytochrome P-450 .. / camphor 2cpp 6.07
. Dihydrofolate reductase/ methotrexate 4dfr 9.70
. a-Thrombin/ benzamidine 1dwhb 292
% Endﬂmmmm H-256 2016 7.22
 p-Thrombin / MQPA 1etr 7.40
% s-Thrombin / NAPAP 1ets 8.52
 e-Thrombin / 4 TAPAP 1ett 6.19
% FKS506-binding protein (FKBP) / immunosuppressant FK506 1t 9.70
- p-Galactose / o-glucose binding protein / galactose 2gbp 7.60
* Hemagglutinin /siafic acid 4hmg 2.55
_ HIV-1 Protease / A78791 1 10.46
% HIV-1 Protease / MVT101 4hvp 6.15
= HIV-1 Protease / acylpepstating Shvp 5.96
% HIV-1 Protease / XK263 1hwr 9.51
‘% Fatty-acid-binding protein / C,,COOH Zifty 5.43
- Myoglobin (ferric) /imidazole 1mibi 1.88
% McPC803 [ phosphocholing 2mep 523
% g:;_rymr! /benzamidine Aptb 4.74
5 nol-binding protein/ retinol rbp 6.72
% Thermalysin/ Leu-hydroxylamine 4tin 372
% ﬂﬂmﬂw!nﬂ:l‘lﬁspl‘ﬂranidﬂn 1tip 7.55
% Thermalysin/ n-(1-carboxy-3-phenylpropyl)-Leu-Trp trnn 7.30
% Thermolysin/ Chz-Phe-p-Leu-Ala (ZFpLA) 4tmn 10.19
:: Thermolysin/ Chz-Gly-p-Leu-Leu (ZGpLL) Stmin 8.04
% Purine nucleoside p;::a:mr-,lasa (PNP) / guanine 1ulty 5.30
* Xylose isomerase [ CB3717 2vis 5.82
% Triose phosphate isomerase (TIM) / 2-phosphoglycolic acid (PGA) 2ypi 4,82
% * Adapted from Bahm. >

Table from

Morris etal , J.Comp Chem .19 (14) 1639-1662 (1998)
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That is all OK,
What is a GRID?
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2—point crossover 33
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Random Perturbation
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Lamarckian GA

Environmental adaptations

of an individual’'s phenotypic
characteristics acquired
ifetime can become

clul’ing

heritable traits (genotype)

Lamarck, J.B. Philosphie Zoologique, Flammarion Ed. Paris

Phenotype

Genotype
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Issues with GA: 36

1) Premature convergence

2) Too Jong for convergence
How many runs?

How many energ y
evaluations?

3) Choice of paramefers
Some recommendations:

Cross—over rate:
80-95%
Mutation rate:
0.5-1%
Population size:
100-200
(depends on the problem)

Mark Obitko http://cs.felk.cvut .cz/~xobitko/ga/

S.Ravichandran, Ph.D., ABCC, NCl-Frederick, MD; sravi@ncifcrf.gov
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T provides GUI interface for setting up and using

toDock

e P

eople/sanner

Il'www.scripps.edu/pub/olson-web/p

Receptor:

1) Sybyl

P

968

Kollman United c:harges —> save as Mol2
DB - check for atom types —> add all

PDB —> Add essential H =) Fix char
> fix charges ~> save as Mol2 file

igand:

avichandran, Ph.D., ABCC, NCl-Frederick, MD; sravi@ncifcrf.gov

2) type adt at the system prompt
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3) Options to submit jobs in other SGIs

AutoDPF (Docking Parameter File)
1) Read the macromolecule

3) Select Docking algorithm

4) Set docking run parameters

5) write or edit DPF file

2) Read the ligand
4) Cancel the jobs

1) Start AutoGrid
2) Start AutoDock

Start

Ravichandran, Ph.D., ABCC, NCI-Frederick, MD; sravi@ncifcrf.gov
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Weber et al 1989

Test Case

Streptavidin/Biotin (1stp) (2.6 Ang Resol)
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Streptavidin/Biotin complex (1stp)
P.C. Weber, D.H. Ohlendorf, J.J. Mendolowski, and F.R Salemme (1992)

avichandran, Ph.D., ABCC, NCl-Frederick, MD; sravi@ncifcrf.gov
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Bound Conformation Violet
Lowest Energy Confo rmation Red
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